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Abstract 
Iodomercurates(II) of coordination compounds of transition metals [M(ε-C6H11NO)6][Hg2I6] (M – Mn2+, Co2+, Ni2+) and  
ε-caprolactam were synthesized. The obtained compounds were studied by the methods of gravimetric, IR-spectroscopic and  
X-ray diffraction analysis. 
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1. Introduction 
Nowadays it is difficult to find any technologies which would not include the usage of transition metal 
compounds. The transition metal compound-based materials are used in various industries, the most important of 
which are electronics, laser, optical, semiconductor and magnetic technology. It is known, for example, that the 
semiconductor properties of mercury compounds are enhanced when they are coordinated to various molecular 
organic compounds1-4. Also, some mercury complexes, such as potassium tetraiodomercurates (II), exhibit 
thermochromic properties5-8. ε-caprolactam (ε-C6H11NO) is selected as a cyclic structure ligand possessing the 
flexibility, but at the same time, causing conformational and steric hindrance in the compounds. From this point of 
view the determination of conditions for the synthesis and obtaining iodomercurates (II) of transition metal and ε-
caprolactam coordination compounds are of great interest. 
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To carry out the synthesis of coordination compounds of transition MCl2·6H2O (M – Co, Ni), MnCl2·4H2O metal 
chlorides, "chemically pure" ε-caprolactam sorts and potassium tetraiodomercurates (II), synthesized according to 
the known method 9, were used. 
Iodomercurates (II) of manganese (II), cobalt (II), nickel (II) and ε-caprolactam complexes are precipitated as a 
pale yellow (Mn2+), pale pink (for Co2+) and pale green (for Ni2+) finely crystalline residues. During the 
determination of synthesis conditions, we determined the optimal concentrations for obtaining the coordination 
compounds - 1 M. At lower concentration the precipitation doesn’t occur, at higher concentration the risk of 
coordination compounds mixing increases. The order of mixing the solution of primary components and pH medium 
(5-7) was established empirically. Potassium tetraiodomercurate (II) and ε-caprolactam solutions coalescing in a 
neutral environment do not precipitate, but when pH<4, the residue of unknown composition precipitates. Solutions 
of potassium tetraiodomercurate (II) and manganese (II), cobalt (II) and nickel (II) chlorides do not precipitate when 
mixed. When pH is > 8, the hydroxides of the respective metals are formed. Taking into account the most common 
coordination numbers of Mn2+, Co2+, Ni2+, tetraiodomercurate (II)-ion charge and its penchant for dimerization in 
similar conditions10, the molar ratio of the reactants was chosen as [HgI4]
2− : C6H11NO : M
2+ = 2 : 6 : 1. The residues 
were filtered off. The product yield is about 70%. 
The content of the coordination compound components was determined by gravimetric methods - manganese in 
the form of hydroxide, cobalt in the form of sulphate, nickel in the form of dimethylglyoximate11. To eliminate the 
influence on the result of poorly soluble precipitated mercury oxalate (II), the residues were calcinated to form the 
respective oxides. 
To study the structure of the complexes the X-ray and IR spectroscopic methods were used. IR spectra were 
recorded by Fourier spectrometer Infralum 801 for the tablet samples with KBr matrix in the frequency range of 
400–4000 cm-1. The XRD analysis was conducted by diffractometer DRON-UM1, CuKα-radiation in the range of 
angles 2T from 5q to 70q. 
According to the gravimetric studies iodomercurates (II) of transition metal coordination compounds have the 
following composition: C36H66Hg2I6M1N6O6 (where M – Mn, Co, Ni). 
The IR spectra of the compounds obtained are similar in nature. Fig. 1 shows the transmission spectrum of one of 
the complexes obtained. 
 
 
 
Fig. 1. IR transmittance spectra of iodomercurate (II) of  nickel and (II) and ε-caprolactam. 
 A.V. Tikhomirova and T.G. Cherkasova /  Procedia Chemistry  15 ( 2015 )  245 – 249 247
In the IR spectra of the obtained coordination compounds the ε-caprolactam absorption band ν(CO) is shifted to 
lower frequencies by 38-41 cm-1, indicating the formation of coordination bond between the ligand and the 
complexant through the oxygen atom, which is consistent with the published data for the transition metal and ε-
caprolactam coordination compounds12, 13. 
The frequency of stretching and deformation vibrations of other functional groups of the organic ligand does not 
undergo any significant changes. Stretching vibration frequencies of iodomercurate (II)-ion in the given range are 
not shown14. 
Radiographs of one of the obtained coordination compounds are shown in Fig. 2. 
 
 
Fig. 2. Radiographs of iodomercurate (II) of Mn(II) and ε-caprolactam complex. 
When analyzing the diffraction, we revealed that the samples have the well formed crystalline structure, do not 
contain the impurities of the primary components, do not degrade during prolonged storage in air15, 16. XRD data are 
shown in Table. 1. 
 
Table 1. The results of X-ray analysis of coordination compounds 
 
ε-caprolactam K2[HgI4] 
Binary metal complex compound 
Mn Co Ni 
d/n,Å I/I0 d/n,Å I/I0 d/n,Å I/I0 d/n,Å I/I0 d/n,Å I/I0 
    6.81 40.21 6.81 34.87 6.81 37.31 
    6.75 56.18 6.74 49.78 6.74 52.27 
    6.68 78.83 6.68 78.51 6.68 91.18 
    6.63 100 6.62 93.54 6.62 95.85 
    6.57 97.00 6.57 100 6.57 100 
    6.45 72.07 6.45 71.48 6.45 78.78 
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    6.40 53.98 6.40 46.81 6.40 71.78 
    6.34 42.99 6.34 35.23 6.34 68.40 
    6.18 34.51 6.08 32.07 6.08 73.56 
  5.85 50.41 6.03 56.97 6.03 36.74 6.03 78.18 
      5.99 37.69 5.99 76.89 
  5.59 63.40       
4.46 80.84 5.45 63.75 4.86 41.58   4.86 68.09 
  5.20 61.20       
    3.61 37.27     
  3.55 56.07       
3.09 10.60         
3.04 24.41         
2.62 38.98   2.53 44.69 2.52 29.50 2.52 71.04 
2.49 12.33 2.37 100.0       
2.44 100.0 2.35 83.72       
2.27 25.34 2.33 73.67   2.30 34.94 2.30 83.87 
2.09 16.30         
2.07 27.93 2.06 44.85       
2.00 29.82         
1.82 14.15         
1.81 15.39         
1.66 8.20         
 
Coordination compounds are soluble in acetone, acetonitrile, ethanol, dimethylsulfoxide, dimethylformamide, 
insoluble in toluene, are decomposed in mineral acids, are subjected to hydrolysis in very dilute aqueous solutions. 
Three new binary complex compounds (BAC) - iodomercurates (II) of, manganese (II), cobalt (II), nickel (II) and 
ε-caprolactam complexes are obtained. Composition and structure of the binary complex compounds are determined 
by physical and chemical methods of analysis. 
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